Introduction
Directed polymers in random media (self-avoiding random walks in random media or random trees [1] ) are widely applied not only in the physical sciences but also in many other fields (e.g., social opinion dynamics and financial markets , which consists of z n independent identically distributed random energy levels for a tree dividing into z branches at each node (see Fig. 1 for the case z = 2). Indeed, it was shown in [22] , [19] that the REM is the limit case of the Sherrington-Kirkpatrick model with interaction of r spins as r → ∞. The r-spin interaction is defined by the Hamiltonian
where J i1,i2,...,ir are independent identically distributed Gaussian random variables (quenched, which describes the exchange integrals) and σ i1 , . . . , σ ir are Ising spins. If r is small (r n), then the energies due to r-group interactions can be expected to be strongly correlated, while these correlations become negligible as r → ∞, in which case we recover the REM with the resulting 2 n independent identically distributed energy levels, in which case (n = 5 here) have a ferromagnetic effect on the system from a p-spin group (p = 3) determined by
The tree structure of energy levels: kj+1 = 2kj − (1 − σj+1)/2, kj = 1, 2, . . . , n, and σi = ±1 in the case n = 3; the total system energy is the sum of the energy due to each spin configuration and the energy due to the interaction between p-groups (only the first three levels of this path are shown).
Our main object of interest is a directed polymer, which is defined as a self-avoiding random walk along a tree that branches into z=2 random directions at each node and has the base Hamiltonian the same as REM Hamiltonian (1). We consider the example shown in Fig. 1 , where we find 2 n independent identically distributed energy levels, each corresponding to one of the 2 n walks (or paths by our definition; see below) ending after n steps along the tree, shown in Fig. 1b . Such a walk can be obtained, for example, by considering a system of n localized Ising spins σ 1 , σ 2 , . . . , σ n . We can define the energy of each walk as the sum of the energies corresponding to each branch the walk traverses. We can then define a Hamiltonian as
for a given configuration of spins, for example, (σ) j , and for V having some prior probability distribution depending on a single parameter, for example, γ. In addition, each p-group of these spins exerts a ferromagnetic effect (due to some external field or to the interaction between p-groups; see Fig. 1 ), which we describe by the Hamiltonian
which can be simplified to
